Skeletal muscle function is the most important element of a healthy and active life in older adults and is closely related to every kind of physical effort [1] . Despite the natural phenomenon of losing muscle mass and strength in the aging process, this has recently been recognized as a disease and has been defined as sarcopenia [2] . The reason for this is that muscle atrophy due to aging is part of several functional disorders, including decreased muscle strength and flexibility, vulnerability to injury, and delayed functional recovery [3] [4] [5] . Compared to young and middleaged adults, people aged 70-85 years old experience a 30% decrease in muscle mass [6] .
related decrease in muscular strength depends on several types of muscle contractions [13] . Although the decrease in muscular strength appears in all types of muscle contractions with advanced age, the decrease in eccentric contractions is much less (10-20%) compared with concentric contractions [14] . While this preservation of eccentric strength is a well-known phenomenon, the underlying mechanism has yet to be determined [14] .
Therefore, considering the relatively preserved eccentric muscular strength, eccentric contractions can be a more efficient way for muscle strengthening in older adults [14] . For a given level of muscle contraction, eccentric contractions require only a small amount of energy consumption (less than that of isometric and shortening contractions) [15, 16] . Eccentric contractions present a relatively low heart-lung burden [17] . In addition, eccentric activation is a core element for most functional movements commonly used in daily life [17] . Therefore, eccentric contractions could prove advantageous in groups such as older adults, heart-lung disease patients, and patients with chronic degenerative diseases [17] . Despite the advantages of eccentric training, these phenomena resulted in delayed onset muscle soreness (DOMS), but based on the elderly people so far, DOMS occurred less often than in young people [18] . This is because of physiological changes -older adults have a higher muscle stiffness with lower elasticity and lower proportion of type II muscle fibers which are more vulnerable to eccentric damage compared to young adults [5] .
Despite the many advantages of eccentric training, conflicting research results are still being reported. In previous research, a study by Raj et al. [19] reported that eccentric contraction training had an effect on the stair climb test, timed up and go test, 6-m fast walk test, and isokinetic knee extensor strength, while the study conducted by Dias et al. [20] presented negative results due to conflicting ineffectiveness in the knee extension test, 6-m walk test, and stair climb test in older adults. Such prior work presents training of eccentric-biased contractions which did not induce pure eccentric movements [20] . This study did an eccentric training movement where concentric and eccentric motions were performed for 1.5 seconds and 4.5 seconds, respectively. For conventional resistance training, each motion was conducted for 1.5 seconds [20] . This is not seen as presenting the effect of pure eccentric contraction movement. Therefore, we will conduct a more precise eccentric-biased study by applying motorized eccentric movement to older adults.
The aim of this study was to investigate the effect of 8 weeks of pure motorization eccentric-based training on muscular strength and physical function in older adults, as compared to conventional resistance training. We hypothesized that 8 weeks of motorization eccentric training would improve physical function and muscular strength more than conventional resistance training.
METHODS

Participants
Participants admitted to elective clinical procedures at the S university hospital and community-dwelling older adults from S city were screened by a blinded researcher at the baseline. Participants were considered to be included if they were older than 65 years of age and experienced no difficulties with independent walking or daily activities. The exclusion criteria included hypertension (≥150/90 mmHg), a score of less than 23 on the Mini-Mental State Examination (MMSE), diabetes, lower limb paralysis, a history of trauma, and cognitive impairment.
Of the participants, 10 men and 10 women (over the age of 65) agreed to participate in this study. Four (2 men and 2 women) were ineligible from participating when the study commenced due to the exclusion criteria. Thus, Eligible participants were randomly assigned in a 1:1 ratio to either the eccentric training group (n = 8, 4 men and 4women) or conventional resistance training group (n = 8, 4 men and 4women). The eight ETG group and CTG group participants received a complete training intervention from start to finish. This study was conducted from September 2015 to July 2017.
This study is a RCT study and the randomization sequence was prepared by blindly placing a pen on a random number table [21] , with odd numbers allocated to the eccentric training group and even numbers allocated to the conventional resistance training group. The following data collection was conducted at two points: at the beginning to determine the baseline, and at the end of the 8th week ( Fig. 1 ). The instructor explained to participants that they were not to allow in excessive physical activity the day before measurement. All tests were conducted at the same time (4:30 p.m.), and no food was taken one hour before the measurement. 
Study procedures
Eccentric training protocol
Prior to beginning the eccentric training program, an eccentric pre-test was examined in the motorized eccentric device by each participant. First, each participant sat on the motorized eccentric device and the seat and stride foot position were adjusted for elderly users. After entering the participant's personal information and pre-eccentric strength results, the participant began the main exercise using the motorized eccentric device. Eccentron ® (BTE Tech., Hanover, MD, USA) ( Fig. 2 ), which generates a pure eccentric motion. This program included 5-10 minutes of warm-up and 5 minutes of cool down ( Table 1 ). The first week, participants adapted to the device by doing one 20-minute session twice a week at a speed of 18 rpm. For the subsequent 7 weeks, the protocol consisted of a 30-minute session twice a week for 8 weeks at a speed of 23 rpm. The training included two 2-minute rest periods. Training intensity was customized to each subject using 50% of their maximal eccentric peak torque; 50% of eccentric peak torque is set by the device program using a pre-training test mode. For the advanced exercise mode, we measured the participants' strength prior to the exercise session and at the end of the second, fourth, and sixth weeks. The eccentric portion of the study focused on the quadriceps and gluteus maximus muscles. These exercises also focus on using an eccentric motion. As shown in Table 1 , subjects performed conventional resistance training wherein different phases with an EN-Dynamic Seated Leg Press (Enraf-Nonius) ( Fig. 3 ). All participants were encouraged to perform as many leg press repetitions as possible until they could no longer press or failed to complete another full range of motion. Participants performed knee resistance training in a sitting position with the foot placed on the center of the pedal of the EN-Dynamic machine. Participants were asked to fully extend and flex their knee joint from 90° of knee flexion. Each action was rhythmically monitored by the researcher; the first second was spent extending the knee and the next second was spent flexing the knee. During the first week, the participant performed two sets at 50% of the estimated 1RM.
Conventional resistance training protocol
For the advanced exercise mode, every 2 weeks, 1RM was retested, as was also done with the ETG. Rest intervals were the same as during eccentric training. Conventional resistance training also included homebased training focusing on concentric motion. As shown in Table 1 , subjects performed conventional resistance training wherein equal phases (i.e., 1.5 seconds concentric phase and 1.5 seconds eccentric phase) of concentric and eccentric motion were included. This consisted of three sets, with 10 repetitions for each set, three times per week.
Main outcome measurement
The physical function test included stair climbing, gait speed, and chair standing tests. For the stair climbing test, subjects were measured on eight 17-cm stairs twice, requiring a step by step pattern, where the timer was activated when the first contact was made at the first step and ended when the contact occurred at the last step before and after the 8 weeks of exercise training. In the chair standing test, subjects had to get up from a chair measuring 41 cm in height with a flat seat. Subjects were asked to stand up and sit down 5 times as quickly as possible with their arms folded across the chest; they stood up until full extension was observed at the trunk and lower limb joints, and returned to a seated position with their back fully supported at the back of the chair. To determine gait speed, an examiner used a stopwatch to time how long it took subjects to walk along a marked tape. The Kinect (Korea Institute of Machinery and Materials) device was used to measure gait speed. ject was asked to sit on the treatment chair and a standard stabilization strap was placed on the upper ankle. The knee was kept at 90° flexion, and the foot was positioned in dorsi flexion. The subject's hands were placed on the edge of the side of the chair and the trunk, hips, and midthigh were stabilized in the chair by the straps. Three repeated isometric strength trials were performed at each load, then the average was plotted.
The isokinetic test used the same device as the isometric test, and the subject performed a 60°/sec knee flexion and extension five times. Each isokinetic contraction was performed through a full range of motion.
Before each subject began the isokinetic test, the subject warmed up using a 50-60% knee extension/flexion once.
To measure power, the test used the same machine as the isometric and isokinetic tests. The ankle was placed in a neutral position, and the subjects performed a range of motion for 10 seconds, once. After the warm up, knee extension and flexion were performed as quickly as possible during a period of 10 seconds. During the testing session, subjects were given verbal encouragement to help ensure maximal effort.
Statistical analyses
The sample size of this study consisted of eight people in each group, as determined by the G power 3.10 program. A previous study [25] showed a significant difference in maximal voluntary contraction in two groups of healthy older adult subjects (n =16, p =.017). Results are expressed as the mean ± standard deviation (SD). We determined the effect sizes (Cohen's d) for measures where d is defined as the difference between the adjusted means of two interventions divided by the pooled SD of those means.
Sample size was measured using the F-test and ANOVA between factors, and a significant difference was based on 0.05. As a result, the critical F value was 3.49, the total sample size needed was at least 16 subjects, and the actual power was 0.8056. In this study, we recruited 20 subjects to allow for a 20% drop-out rate; therefore, the total sample size was 16 subjects.
The analysis for normality will be confirmed using the Kolmogorov-Smirnov test, given that it is appropriate when used with a small sample size [26] . A two-way repeated measures ANOVA, followed by a LSD post hoc test, as used to assess any differences between groups after the intervention. The level of significance was set at p <.05. Statistical analysis was performed using SPSS software version 21.0 (SPSS Inc., Chicago, IL, USA). 
Comparison of physical performance
The result of the stair climb test represented a significant improvement in time (p <.001), group (p <.01) and the interaction between time and group (p <.05) (4.655 ± 0.298 vs. 3.989 ± 0.149, respectively) ( Fig. 4 ).
There were significant changes in gait speed with respect to time (p < .001), group (p <.01) and the interaction between time and group (p < .05). The gait speed ability in the ETG was significantly decreased compared to the pre-test (4.164 ± 0.059 vs. 3.465 ± 0.266, respectively, p < .01). However, there was no significant difference between the pre-and post-tests in the CTG (4.098± 0.289 vs. 3.945 ± 0.125, respectively, p >.05) (Fig. 4) . The effect size for stair climb and gait speed was 0.19 and 0.15, respectively. No significant changes were observed in chair stand with the interaction between time and group (p>.05).
Comparison of secondary outcome variables
The results showed an increase in isokinetic strength in both the ETG and CTG (pre-ETG vs. post-ETG, 77.587± 6.836 vs. 98.308±4.04, p <.01
and pre-CTG vs. post-CTG, 71.418 ± 6.071 vs. 82.179 ± 3.677) (Fig. 5) .
The results showed a significant improvement in the ETG (pre-ETG vs.
post-ETG, 66.817±4.083 vs. 78.316 ± 3.988, p <.05). In addition, there was a significant difference between the ETG and CTG (78.316 ± 3.988 vs.
64.734 ± 5.947, respectively, p <.05) (Fig. 5) . The effect size for isokinetic strength and power was 0.63 and 0.13, respectively. No significant changes were observed in isometric knee strength with the interaction between time and group (p>.05) ( Fig. 5 ).
DISCUSSION
This is the randomized controlled investigation of the effect of lower extremity exercise training in healthy older adults. We found that the results of the present study characterized that motorized eccentric training yielded benefits concerning stair climbing, gait speed, and chair stand in the physical function of the primary outcome, in addition to isometric and isokinetic muscle strength of the secondary outcome in this population of older adults. Vol. 28, No.4, November 2019: 346-354 A recent previous study [20, [27] [28] [29] [30] showed that an eccentric exercise was conducted and it was applied to the exercise by applying eccentric movement to existing concentric. However, the result of these studies were very controversial. Gault et al. [27] Chen et al. [28] , and Symons et al. [29] reported several positive effects such as functional capacity and knee strength of eccentric exercise interventions in older adults. But, a study that compared conventional resistance training with eccentric found that they were not effective for improving knee strength and functional capacity [20, 30] . The point of above study was allowed to concentric movement when doing the eccentric motion in the leg.
Therefore, we utilized a specialized device using motorization, and applied it to elderly people over 65 years old. Also, we have conducted test to make more accurate eccentric studies in older adults.
In this study, we observed improvements in functional performance tests and knee extension muscular strength in both groups after eight weeks of training. Studies have shown a rapid increase in maximum strength after eight weeks of motorized eccentric training [20, 31, 32] . In this study, we did not investigate how much time is required for muscle adaptation with eccentric or conventional resistance training; however, our findings suggest that eight weeks should be adequate with both types of exercise to significantly impact strength and functional capacity in elderly subjects [33] .
In this study, no significant difference was found between the ETG and CTG regarding isometric knee strength. However, in the ETG, a significant increase in isokinetic knee extension following the exercise period. Additionally, there was significant difference in isotonic knee power in the ETG after the exercise period. These results suggest that both types of exercise can increase muscular strength, but eccentric exercise is better effective in older adults [14] .
The functional tests used in this study are closely related to the stair climbing, gait speed, and chair stand tests [20] . A number of tasks have a high risk of fall in elderly people; therefore, functional capacity seems to be more important than strength in this population. The majority of exercises to reduce the risk of fall, such as stair descent, are performed eccentrically [5] . Thus, the assessment of eccentric tasks should be the primary focus when evaluating the potential benefits of an eccentric exercise program [20] .
The strength and functionality values found in this study resemble those found in previous studies on knee extensions [34] , leg presses [35] , and chair stand tests [36, 37] . Furthermore, in our study, participants in the motorized eccentric training group completed the stair climbing test in a shorter time than did participants in the conventional resistance exercise group [35] [36] [37] . Previous studies have shown that gains in muscular strength and mass in healthy adults aged 18 to 65 years are higher in an exclusively eccentric exercise program compared with an exclusively concentric exercise program [38] . However, Symons' study showed that the eccentric exercise group did not demonstrate superior gains in voluntary strength compared with the isometric and concentric groups [29] . In addition, Dias et al. [20] only observed significant improvement during the first 6 of 12 weeks in 1RM knee extension strength and functional tests [39] .
It is important to mention that we matched the progression of exercise intensity between groups using the results of the pre-strength test, which was the announced pre-strength test from the motorized eccentric de- for physical function and muscle strength compared to conventional resistance training. However, some other variables, such as the isotonic power or body circumference, were not more improved in the ETG that those in the CTG. These findings may be different in a trial with a larger sample size.
Further research is needed to determine whether longer periods of training (more than 8 weeks) or if having more groups could demonstrate differences between motorized eccentric and conventional training more clearly.
The present study has some limitations that should be noted. First, the physical conditions or personal physical fitness levels of study participants may differ, which can affect the outcome. Second, the results of this study may not be generalizable due to small sample size used. Therefore, a study using a larger sample is required. Third, the two types of exercise intervention may differ in terms of intensity and volume, although we attempted to match them as much as possible with regard to the frequency and duration of intervention. Despite the study limitations, there is a novelty that we could suggest with this study. 1) Although most of the previous studies included concentric motion during eccentric training, our study has been done based on a specialized device using motorized eccentric motion, which means that the instructor led the participants to concentrate solely on eccentric movement during their intervention period. 2)
In addition, while the previous studies mostly focused on muscle strength, but our study could highlight the change of muscle power variables such as stair climbing test and gait speed, and chair stand test following eccentric training.
CONCLUSION
The unique findings of this study are that motorized lower limb eccentric training is feasible, and is effective as a form of training modality.
Over an 8-week intervention period, eccentric training resulted in better outcomes (isokinetic and isometric muscle strength, gait speed, stair climb, chair stand) by contrast with conventional resistance training for older adults. Lastly, motorized eccentric training is a potentially beneficial training modality that can be applied to older adults for the sake of functional ability and muscle strength.
